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BLADELESS PUMP 

Cross Reference To Related Applications 
[0001] This application is a continuation of U.S. 
application serial no. 09/917,094, filed July 26, 2001, 
which is a divisional of U.S. application serial no. 
09/557,277, filed April 24, 2000, which claims the benefit 
of U.S. provisional application serial no. 60/140,897, 
filed on June 23, 1999, all of which are incorporated 
herein by reference. 

Field of Invention 
[0002] The present application relates to a pump which 
is formed of rotating parts, which can operate without 
blades . 

Background 

[0003] Rotating pumps often use blades or propellers to 
press a fluid in a desired direction. These blades can 
subject the liquids to harsh impact. 

[0004] For instance, if the pump is used to pump blood, 
then the blades can actually cut or otherwise damage 
certain blood cells, resulting in hemalysis injuring the 
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blood. In other cases, the blades can cause cavitation and 
produce undesired gas bubble turbulence in the fluid. 

Summary 

[0005] The present application teaches a bladeless pump 
for fluid flow. While the pump has many different 
applications, one application of the pump is for use in 
pumping blood and other multiphase flows of body fluids. 
Other uses include thrust generation and propulsion. 
[0006] One aspect of the application discloses a pump 
with a moving part that has a substantially smooth outer 
surface . 

[0007] Other aspects include that outer surface having a 
substantially constant outer diameter. The moving part can 
be a rotating shaft held captive within an outer cylinder. 
The inside surface of the outer cylinder includes ridges 
thereon which are tilted a specified angle. The optimum 
angle is believed to be 45 degrees. However, any angle a, 
between (0<a>90 degrees) can produce a pumping effect. 

[0008] A specified relatively small distance is 
maintained between the rotating substantially smooth inner 
surface, and the inside of the outer shell. This small 
distance can preferably be an amount that prevents 
substantial leakage of fluid between the ridges. 
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Brief Description Of The Drawings 
[0009] These and other aspects will now be described in 
detail with respect to the accompanying drawings, wherein: 
[0010] Figures 1-3 show different views of the pump from 
different angles; 

[0011] Figures 4A and 4B show flexible pumps; and 
[0012] Figure 5 shows a propulsion system. 

Detailed Description 
[0013] Figures 1 through 3 show different views of the 
pump of this embodiment. The pump is formed of two coaxial 
cylinders, one rotating within the other. An outer 
cylindrical housing 100 includes an outer surface 102 which 
can be of any desired size or shape. The inner surface 104 
of the outer housing is formed with spirally-patterned 
grooves 106 thereon. The central axis 110 of the outer 
housing 100 defines a direction of fluid pumping. 
[0014] A fluid pumping element 120 is located coaxially 
with the central axis 110. The fluid pumping element 120 
has a substantially smooth outer surface 122. It 
preferably has no blades thereon. Blades, as that term is 
used herein, are sharp edged objects, such as the usual 
fan- shaped parts that are used in a pump. ,.. 
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[0015] In one embodiment, the fluid pumping element 120 
is cylindrical and has a substantially constant outer 
diameter over its entire active surface. That constant 
outer diameter can be constant within 1 to 5 percent. The 
fluid pumping element can be a solid element, or can be a 
hollow element, such as a tube. 

[0016] The pumping is held rotatably at its two ends by 
a first shaft holder 130 and a second shaft holder 140. 
The shaft can rotate within the first and second shaft 
holders. An electric motor 150 can provide rotational 
force to the end. 

[0017] The inner surface of the outer shell includes a 
plurality of grooves thereon. The inner surface can have a 
diameter of ID, which can range from sizes for operation to 
pump microf luidics ranging to a size for submarine 
propulsion. The grooves are canted at a specified angle. 
Each of the grooves extends inward from the inner surface 
by a depth proportional to (OD - ID) . The grooves are 
canted in the direction of desired rotation of the central 
shaft and in the direction of desired pumping. The pumping 
element can be rotated in the opposite direction to pump 
the fluid in the opposite direction. 

[0018] The smooth inner cylinder 120 preferably has an 
outer diameter of ID-2g, where g is the gap between the 
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inner cylinder and the inner surface. The cylinder can 
also have smooth nose and ramp portions. 

[0019] In operation, the central shaft is rotated in the 
specified direction at a specified rpm rate, e.g. between 
5,000 and 2 0,000 rpm. A shearing force is produced 
proportional to the angular velocity of the inner cylinder 
diameter of the inner cylinder. The momentum is 
transferred to the rest of the fluid. This causes a 
laminar or turbulent flow around the shaft and along the 
shaft/groove axis. The viscose or turbulent shear flow 
eventually extends outward to the grooves. 

[002 0] The angular momentum of the fluid in the grooves 
has a vector component along its axis, forcing the fluid to 
move . . 
[0021] The grooves are preferably spaced by a maximum 
distance of one quarter the shaft diameter. However, there 
is no minimum effective minimum distance for the groove 
spacing. A typical groove pattern is usually canted by 
approximately 45 degrees relative to the direction of the 
central axis. 

[0022] In operation, when the shaft spins, it causes a 
shearing laminar or turbulent flow around the shaft, 
thereby causing the fluid to flow outward. The shaft is 
close enough to the grooves to cause fluid flow in the 



ATTORNEY DOCKET NO.: 06618/4760 03 /CIT3 0 15 -D2 

grooves, and to prevent substantial leakage between the 
grooves . 

[0023] The grooves facilitate the fluid flow movement. 
A particularly advantageous use of this pump is in blood 
flow. A known shear thinning effect in blood causes the 
red cells to avoid the high shear regions. The cells 
distance themselves from the high speed-rotating shaft and 
leave the plasma near the rotating shaft. This process 
does not occur instantaneously. However, in this pump, the 
approaching red blood cells feel the stagnation region of 
the smooth- surf aced rotating shaft. They cells then start 
an avoidance process with enough lead-time on a viscose 
time scale to avoid intersecting the path. Previous pumps 
that rely on the displacement action of the blades at high 
angular frequencies and speeds often do not leave enough 
response time for the red blood cells to avoid impact, and 
its subsequent damaging effects. 

[0024] The present application pumps the red blood cells 
without using blades. Hence, there are no blades to cut 
into blood cells. The shear thinning effect causes the 
cells to stay away from the high shear portions. The 
grooves, that are used can also be rounded to minimize any 
damage that could be caused to the blood cells by those 
grooves. 
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[0025] Many modifications are possible. As disclosed 
above, the device can be made in a number of different 
sizes, and the internal ridges can have a number of 
different sizes and shapes. The area between the internal 
ridges can be either edged or smooth. 
[0026] The central shaft is preferably a constant 
diameter cylindrical rod. However, the shaft can 
alternatively be a varied diameter cylindrical rod or any 
other element that is smooth and does not include sharp 
edges thereon. For example, the cylindrical rod could be 
formed with an outer surface that has bumps that rounded 
•edges. 

[0027] The way that the pump works allows other 
advantages. No sharp corner blades are used. Hence, the 
whole assembly can be made with flexible materials. One 
embodiment shown in Figure 4 uses flexible tube 400 with 
inner grooves 405. A flexible cylindrical shaft or rod 410 
rotates within the outer tube. This can be used for 
applications where local suction or blowing in complex 
inner cavities would be required. Another alternative 
shown in Figure 4B forms the inner rotating part 400 from a 
flexible material; so that it can be bent at the area 450 
to attach' the driving motor. 
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[002 8] A rotary motor 4 50 or any other kind of motor can 
carry out the rotation of any of these embodiments. One 
embodiment uses a magnetic levitation pump principle. 
According to this embodiment, the central shaft is made of 
a magnetic material. An external coil will generates 
magnetic field, and the external magnetic field causes the 
internal cylinder to rotate. The rotating cylinder causes 
the fluid flow as described above. 

[0029] One embodiment is for use in propulsion, e.g., as 
a motor to drive a water vehicle such as a submarine. This 
embodiment is shown in Figure 5 with two propulsion pumps 
500, 510 with rotating elements 502, 512 that rotate in 
opposite directions 504, 514. The cylinders have 
oppositely canted ridges 506, 510 so that they both pump in 
the same direction. This allows balance in the thrust 
generation. A control element 520 enables setting the 
rotating speed of each element individually. The thrust 
.vector, caused when one of these moves faster than the 
other, can be used for maneuvering. For example, the left 
side pump part 500 can be initiated to pump faster than the 
right side pump part 510 to move in a more rightward 
direction. 
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[0030] This system has advantages when used for 
propulsion, e.g. thrust generation. The resulting system 
can be relatively quiet, since no blades cut the water. 
[0031] This system also has advantages when used for 
pumping other materials that should not be damaged, besides 
blood. For instance, since an embodiment can be used which 
has no moving edges, this system can be used for pumping 
live aquatic animals or other damageable materials. 
[0032] Other modifications are contemplated. 
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